Coastal Tableland is a landscape unit in the North East of Brazil in which the main soils are Ultisols. In these soils, a compacted layer denominated "cohesive horizon" occurs and root growth is limited by it. An experiment with five treatments and six replications was set up in order to study how liming and gypsum could improve root depth of orange (Citrus sinensis L. Osbeck) crop in an Ultisol in which a compacted layer was found at 0.3 m. Treatments were: a) No liming and no gypsum; b) Liming to achieve 60% base saturation; c) B + 1 t of gypsum ha -1 ; D) B + 2 t of gypsum ha -1 and E -B + 3 t of gypsum ha -1 . Gypsum increased calcium and sulfate in the cohesive horizon. Surface application of lime and gypsum did not cause changes in soil density and total porosity in the cohesive horizon. An improvement of root length was observed at the cohesive horizon.
INTRODUCTION
Coastal tablelands is a landscape unit in Brazil where one of the main soils are Ultisols. They come from a tertiary geological material and are well weathered. In these soils, a compacted layer, denominated cohesive horizon, occurs at different depths and root growth is limited by it. The decrease in root density in the cohesive horizon is due to an increase in soil density and a decrease in total porosity (Santana et al., 2006; Souza et al., 2007) . Superficial root systems increase plant stress under water deficit, decrease yield and longevity of oranges trees in this soil. Cintra et al. (1999) , working in a coastal tablelands Ultisol, found that 90% of citrus rootstocks roots were concentrated down to 0.4 m and that 61% of them were only down to 0.2 m. A significant root length reduction from 380 cm to 50 cm per 0.1 m 2 was observed at 0.3 m soil depth. A compacted layer should have caused that reduction, due to an increase in soil bulk density and mechanical impedance, decreasing soil aeration. Radcliffe et al. (1986) reported that gypsum led to a decrease in the cone index in cropped plots which was accompanied by an increase in aggregate stability and hydraulic conductivity. In order to verify if it was a direct gypsum effect, measurements of the cone index were made in fallow plots, where gypsum had been applied. The cone index was equal or higher in these plots, indicating that soil physical improvements were caused by increasing root activity, due to gypsum application.
Chemical constraints, such as low calcium and high aluminum down in the soil profile, also have been reported as a cause of superficial root systems. Caires et al. (2006) observed that root density correlated positively with exchangeable calcium. Sumner (1992) , proposed four mechanisms to explain root depth by increasing calcium and decreasing aluminum in the soil underneath horizons: a) self liming by exchange of OH -by SO 4 -2 followed by hydrolysis and precipitation of the exchangeable aluminum; b) precipitation of the basic aluminum sulphate; c) co-adsorption of SO 4 -2 and Al +3 by increasing oxides negative superficial charges and d) formation of ionic pairs such as AlSO 4 , which is less toxic than the exchangeable aluminum.
Surface incorporation of lime has little effect in the subsoil amelioration, and mechanical procedures of profiles modification require special equipment not always available (Farina et al., 2000) . Calcium sulfate has been proposed to overcome chemical and physical constraints in sub superficial horizons (Sumner, 1992) . Ritchey et al. (1980) compared the rate of descent of Ca from CaSO 4 , CaCl 2 and CaCO 3 . Calcium chloride had the highest, CaSO 4 intermediate and CaCO 3 the lowest. Calcium chloride is the most soluble, but the anion chloride is the least reactive with the soil. Calcium sulfate is less soluble and SO 4 can be adsorbed to a greater extent than chloride. Calcium carbonate is the least soluble but the accompanying anion CO 3 reacts with soil acidity and the electro neutrality cannot be maintained. In addition, CaCO 3 can generate exchange capacity, which would prevent calcium from leaching. Identical results regarding CaSO 4 , and CaCO 3 were found by Liu & Hue (2001) .
The objective of this work was to study the effect of lime and gypsum in improving orange tree root depth in a coastal tablelands Ultisol with a compacted layer denominated cohesive horizon.
MATERIAL AND METHODS
In order to study the effects of lime and lime plus gypsum in the overcoming of a compacted layer denominated cohesive horizon by orange tree roots, an experiment was established in an Ultisol of the coastal tablelands where an increase in soil density and a decrease in total porosity are found at 0.3 m. Four-year-old orange (Citrus sinensis L. Osbeck) crop planted in a 6 x 4 m spacing were used. In the first year the treatments were: a) No liming and no gypsum (control); b) Liming to achieve 60% bases saturation; c) B + gypsum as 10% of the lime dose; d) B + gypsum as 20% of the lime dose and e) B + gypsum as 30% of the lime dose. A soil sample was collected from the compacted layer at 0.3 m before the treatments. Calcium and magnesium contents were 12.3 mmol c dm -3 , potassium 1.06 mmol c dm -3 and sodium 0.66 mmol c dm -3 . Cation exchange capacity was 55.98 mmol c dm -3 and base saturation 47.01%. The amount of lime was calculated based on the basis saturation method and it was 1000 kg ha -1 . Doses of gypsum were 100, 200 and 300 kg ha -1 . Calcium and magnesium oxides in the lime was 29.40 and 18.97% respectively, and the total neutralization power of it was 91.7%, which takes into account the fineness of the liming material. The treatments were applied on 04/17/97.
Soil samples collected on 05/12/1998, after one rainfall season, showed that the amount of gypsum applied in treatment D (200 kg ha -1 ) was not enough to provide a sufficient descent of calcium ( Table 1 ) . The amount of gypsum was increased to 1, 2 and 3 t ha -1 for treatments c, d and e respectively, which was applied on 08/06/1998. Soil pH was measured in water using a 2:1 relationship. Calcium and Al were obtained by extraction with KCl 1 N. Calcium was determined by atomic absorption and Al by titration with NaOH to the phenolphthalein end point. Soil sulfate was extracted by calcium monophosphate precipitated as BaCl 2 and determined by turbidimetry. Soil density and total porosity were accomplished according to Silva (1999) . Root measurements were made opening trenches five meters long and one meter deep at the east and west sides of the (Crestana et al., 1994) .
RESULTS AND DISCUSSION
Gypsum significantly increased sulfate and calcium contents down to 0.4 m (Figures 1 and 2 ) and did not cause any change on the soil pH. Calcium sulfate dissociates into Ca 2+ and SO 4 2-but also forms a ionic pair CaSO 4 0 (Ritchey et al., 1980) . This mechanism allows the calcium sulfate to percolate in the soil profile with water. Lime also increased calcium and pH down to 0.4 m depth ( Figure 1B) (Table 2 ). Low soil clay content and the predominance of kaolinite probably caused calcium from the lime to go down to 0.4 m, since the soil lacks enough negative charges to hold calcium from CaCO 3 . In addition, acidity was not high enough to prevent carbonate to go down with calcium, neither were the extra negative charges created by carbonate (Ritchey et al., 1980 ). An increase in root length was observed at 0.3 m ( Figure 1C) . Caires et al. (2006) observed that root density correlated positively with exchangeable calcium. According to Marschner (1995) , a exogenous calcium supply is necessary for root extension and, in the absence of the nutrient, cell extension is inhibited.
Lime and lime plus gypsum did not affect soil density and soil total porosity at 0.1 and 0.2 m (Table 2) . Sumner et al. (1990) observed the ability of surface applied gypsum to increase hardpans susceptibility to rooting. Probably, gypsum triggers some chain events, initiated by clay flocculation, leading to rooting improvement and consequent aggregation, probably by particles binding by the roots. Radcliffe et al. (1986) reported a decrease in the cone index which was accompanied by an increase of root activity due to gypsum application. Santana et al. (2006) observed a decrease in root density at the cohesive horizon which was related to an increase in soil density and a decrease in soil total porosity. Souza et al. (2008) observed that of orange crop root depth was higher in low fertility soils without a cohesive horizon than in higher fertility soils with a cohesive horizon, suggesting that physical constraints, such the cohesive horizon, overcome the chemical ones in preventing orange tree root depth. In this study there was no significant effect of lime and lime plus gypsum on soil density and total porosity, however, a trend was observed indicating that the physical improvement at the cohesive horizon, should have an important role in increasing orange tree root depth.
The effect of lime on decreasing Al was observed only at 0.1 m, and lime plus gypsum did not decrease Al down in the soil profile. In the same soil Anjos (1997) also observed that the effect of lime was more pronounced at 0.1 m.
CONCLUSIONS

